Abstract-In this paper we study the synchronization of an underwater glider by means of the adaptive fuzzy sliding mode control technology. The sufficient conditions for the synchronization are obtained even though the slave underwater glider is unknown. Based on the Lyapunov stability theorem, the stability the synchronization is proved theoretically. Numerical simulations further support the theoretical results of the paper and demonstrate the efficiency of the proposed methods.
INTRODUCTION
Over the past two decades, an underwater glider has been widely used in the marine-environment monitoring, the unenclosed aquaculture and ocean exploration, especially in the long-term, large-scale oceanographic monitoring [1] . The UG has a number of attractive features, such as a high efficiency, a low noise, a large range, lower maintenance cost, lower pollution and a compact structure [2] , etc. Besides their numerous practical applications, AUVs present a challenging control problem since the kinematic dynamic models of AUV are highly nonlinear and coupled.
Recently, the control of the underwater glider has become an active research field and the various control techniques have been reported for the control of the underwater glider [3] [4] [5] . For example, an optimal applicable control project is developed for controlling the actual mechanical system of the glider [3] . Feedback control is introduced for the glider motion robust of the autonomous underwater gliders [4] . In addition, the synchronization is important for the underwater glider. For example, it is critical in sampling water columns, mapping the whole aquatic environment and seeking pollutant sources. Precise synchronization is very challenging due to dynamic nonlinearity and strong coupling among multiple control inputs. Despite that several scholars [6] [7] have investigated the synchronization of general nonlinear system, it should be worth noting that these studies do not focus on the underwater glider. Therefore, it is still important and meaningful to design a novel controller for the synchronization of the underwater glider.
Inspired by the above-mentioned work, in this paper, we investigate the synchronization between the known master underwater glider and the unknown slave underwater glider.
The main difficulty to achieve this goal is how to overcome the bad effects of little knowledge about the slave underwater glider on the synchronization. An adaptive fuzzy sliding mode controller is designed to cope with the above difficulty and construct the synchronization of the unknown slave underwater glider.
The rest of this paper is organized as follows. The dynamic equation of an underwater glider is represented in Section II. Synchronization of an underwater glider is investigated theoretically and numerically by using the adaptive fuzzy sliding mode control method in Section III. Finally in Section VI, the conclusions are given.
II. SYNCHRONIZATION OF UNDERWATER GLIDER

A. Dynamic Equation of Underwater Glider
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B. Theoretical Results of Synchronization
Let us define the master underwater glider as (2), and define the slave underwater glider as follow   22  1  1  1 1  2 3  11  11  11   11  2  2  2  2  1 3  22  22  22   3  3  11  22  3  3  1 2  33 33 33 , ( 
The synchronization error between (2) and (3) is defined as follow  e y x (4) where 1 12 ( , , , ) The object of this paper is that for the given master-slave system with uncertainties, such as (2) and (3), the adaptive fuzzy sliding mode controllers are designed in spite of external disturbances, so that the asymptotic stability of system (5) 
It is generally known that when the system operates in the sliding mode, it satisfies the following equations [9]       
Therefore, the equivalent controller is
However, in real-world applications, if both the system (3) is unknown, the equivalent controller (9) is failure. To control and identify the system (3), the fuzzy systems 
Based on the singleton fuzzifier, the product inference, and the weighted average defuzzifier [10] , the fuzzy systems ˆ( , Eq. (7) can be rewritten as 
According to a fuzzy approaching theory [11] , an adaptive update fuzzy system can accurately approach any unknown system, so the minimum approaching error
So 0 V  confirms the presence of the reaching condition [12] , and means that 
C. Numerical Simulation Results of Synchronization
In this section, the numerical examples about the synchronization of an underwater glider will be provided. When numerically solving the equation of an underwater glider, we adopt the fourth order Runge-Kutta method [13] . To verify and demonstrate the robustness of the controlled system for the external disturbances, the timevarying external disturbances (16) are used to disturb the unknown slave system. The synchronization errors between the known master underwater glider and the unknown slave underwater glider are depicted in figure 1(a) . By observing Fig.1(a) , one can find that the synchronization errors are hardly affected by the external disturbances and converge to zero asymptotically, which implies that the synchronization between the known underwater glider and the unknown underwater glider can be well realized even though the unknown slave underwater glider is subject to the uncertain external disturbances. The temporal evolution of the applied control inputs is depicted in figure 1(b) . Therefore, the designed controllers (9) and (11) can resist all kinds of external disturbances and the synchronization is well achieved.
.
III. CONCLUSION
In this paper, we have studied the synchronization of the underwater glider, where the slave underwater glider is not necessarily known previously. Based on the designed adaptive update laws, the fuzzy system and the sliding mode strategy have been combined into an adaptive fuzzy sliding mode control strategy. To illustrate the effectiveness and feasibility of the proposed method, the numerical examples about the synchronization of an underwater glider are provided. The proposed scheme in this paper is remarkable, since it is valid even though the slave underwater glider is fully unknown. Therefore, the results of this paper are also very applicable and representative. We hope our work can contribute to the control of the underwater glider.
